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I. INTRODUCTION 

I n  the  pas t  few yea r s ,  t h e  l a c k  of success  of o lde r  s ta t is t ical  model 

One of l e d  t o  new models t h a t  r e l y  more on phenomenological observat ions.  

t h e  most successfu l  models is t h e  two-temperature model of Wayland and 

Bowen [ l ] .  

p red ic t ions  t o  cosmic ray  energies .  

The a n a l y t i c  form of t h i s  model allows easy extension of t h e  

We will give  a b r i e f  ou t l i ne  of t h e  two-temperature model i n  Sect ion 11. 

I n  Sec t ion  111, we  consider t h e  a p p l i c a t i o n  of t he  model. 

f o r  t h e  H-, K-, p and $ s p e c t r a  are given. 

obtained from the  author .  

The parameters 

Copies of t h e  programs can be 
+ +  

11. THE TWO-TWERATURE MODEL 

The main assumption of the  two-temperature model is t h a t  t he re  are two 

c h a r a c t e r i s t i c  temperatures assoc ia ted  with each type of par t ic le  produced; 

one i s  assoc ia ted  wi th  t h e  t r ansve r se  momentum d i s t r i b u t i o n  (To), t h e  o the r  

wi th  t h e  long i tud ina l  momentum d i s t r i b u t i o n  (T). 

desc r ibes  t h e  n a t u r a l  "thermal" motion of a ho t  i n t e r a c t i o n  region.  

t r ansve r se  temperature w i l l  give a t r ansve r se  momentum d i s t r i b u t i o n  

t h a t  is independent of t h e  inc ident  energy. 

cons tan t  va lue  of < p > ,  t h e  average t r ansve r se  momentum. 

b e  d i f f e r e n t  f o r  d i f f e r e n t  mass p a r t i c l e s .  

s ide red  as t h e  quasi-equilibrium condi t ion  a t  which the  var ious  p a r t i c l e s  

"bo i l  o f f "  as t h e  i n t e r a c t i o n  volume cools .  

i t  w i l l  include t h e  e f f e c t  of the  c o l l e c t i v e  motion of t h e  i n t e r a c t i n g  gas  

a long t h e  d i r e c t i o n  of t h e  incoming nucleon. 

mechanical average occupation number dens i ty  

The temperature To (a cons tan t )  

Thus, the 

This w i l l  be r e f l e c t e d  i n  a 

However, T w i l l  
0 

The temperature,  T ,  can be con- 

T w i l l  be  g r e a t e r  than To because 

We s tar t  wi th  a quantum- s ta t i s t ica l  
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1 + + fermions v -  - + bosons 
exp[ 7 p + m /TI k 1 

-_ where p and m are i;he momentum and m a s s  or' t he  p a r t i c l e s .  i n e  normaiized 

momentum d i s t r i b u t i o n s  are: 

where 

2 = p** + m , 
l J l  II 

2 

p2 = pc2 + m 2 , 
2 

p t  = l ong i tud ina l  momentum, 

pr  = t r ansve r se  momentum, 

and t h e  K ' s  are modified Bessel funct ions.  

system. The flux of p a r t i c l e s  is given by 

S ta r r ed  q u a n t i t i e s  are in C.M. 
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2 d N  
dp*dR* 

2VoT2 

2 4 3  T . m  c h 
U 

kP2 k+l -hJ 2 k9 m 

1 ( t Ik+'K (-1 1 (+) 

P* 1.1 n 

e x p ( F ) ( l  + 7 ) / k 3 l 2  
2 k=l To k=l  

2 
W 

r , . .k+l KdkmcLIT,)  
L \ X J  k k=l  

We can write 

* 1/4 
T = constant  (Eo) 

(4) 

( 5 )  

which allows u s  t o  make ca l cu la t ions  as a func t ion  of t h e  inc iden t  energy, . 
For pions the  i n t e r a c t i o n  volume varies as 

EO 

where 

and 

2 * 2 * 2 * 
<p > = <pt> + <p > . R 
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11 1 .  IISE OF PROGRAM 

One must  supply the  following input  parameters f o r  t he  program: 

... 
W I  

E0 

W 

AL 

T0 

A 5  

C 

A 

SG 

AK 

AM 

M 1  

The va lues  of 

For energ ies  

2 i i ie  r e s i  m a s s  oi ihr  proton in G e V j c  , 
t h e  inc ident  energy of t h e  proton i n  G e V ,  

t h e  rest mass of t he  produced par t ic le  i n  GeV/c , 
t he  angle  i n  t h e  l ab  system a t  which t h e  p a r t i c l e s  

are produced ( i n  r ad ians ) ,  

t h e  t ransverse  temperature i n  GeV,  

t he  conversion f a c t o r  f o r  t he  long i tud ina l  temperature,  

the  normalizat  on cons tan t ,  

index f o r  passes through program, 

the  f i r s t  constant  f o r  meson volume, 

t h e  second constant f o r  meson volume, 

+1 f o r  fermions, -1 f o r  bosons, 

t he  number of terms kept  i n  t h e  sums. 

2 

f ixed  parameters i n  t h e  c o r r e c t  format are shown i n  Table I. 

E < 50 GeV, one should t ake  M 1  = 3 t o  i n s u r e  accura te  r e s u l t s  
0 

f o r  low momentum secondaries .  

acceptab le .  

l a s t  spectra wanted, 

than  zero.  

However, above 50 GeV,  M 1  = 1 is normally 

The A term should be zero  (blank) except on the  cards  f o r  t h e  

Then one should use  any p o s i t i v e  f l o a t i n g  number g r e a t e r  

The required Bessel funct ions are generated by func t ion  subprograms. 

Of course,  one These are generated by a series approximation method [ 2 ] .  

can e a s i l y  use e x i s t i n g  programs i f  i t  is more expedient.  
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I f  the program i s  t o  be used for  incident energies greater than 

1000 G ~ V  the version given i n  appendix C should be used. 

If one does not want the volume variat ion for the pions set 

AK = SG = 0. 
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1 

C SG AK -, 
1.6Ef-03 5.OE-02 1.7E-01 

1.5E+03 5.OE-02 1.7E-01 

1.4Ei-04 - - 
3.3E+04 - - 
1.8Ei-03 - - 
6.0E+03 - - 

Table T 

Particle To A5 
I~ 

1.4E-01 2.89E-01 

TI 1.4E-01 2.4 1E-01 

K+ 1.15E-OE 1.92E-01 

K 1.15E-01 1.28E-01 

P 1.2E-01 3 .OlE+OO 

P 1.4E-01 1.02E-01 

+ 
71 

- 

- 

- 

L 



Appendix A 

A Listing of the Fortran I1 Program 









Appendix B 

A Listing of the Fortran I V  Program 









Appendix C 

A Listing of the Program for Energies Greater than 1000 GeV 
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